Introduction 46
In the past two decades, several large scale river routing schemes have been used along 47 7 These groups of cells -or isochrone zones -are based on the notion of isochronism 124 developed by Leblanc and Villeneuve [1978] . An isochrone is a line representing a 125 constant time of travel to a reference point downstream. An isochrone zone is the area 126 between two successive isochrones. This zone is represented by a set of cells which are a 127 single computational unit in MODCOU. Both the land surface isochrones and river 128 isochrones of MODCOU have three-hour time intervals, which means that the time of 129 travel between the upstream-most and the downstream-most cell in a given isochrone 130 zone is approximately three hours. All the isochrones of a given network are determined 131 using the travel time between connected cells which is estimated based on topography 132
and on the geometry of the quad-tree mesh. River, its basin and three river gages. Figure 3b) shows the river isochrone zones of the 143 Ardèche River. Figure 3c) shows the surface isochrone zones corresponding to the 144 upstream-most river isochrone zone. Each surface cell belongs to a surface isochrone 145 8 zone, but only the isochrone zones corresponding to one river isochrone zone are shown 146 of Figure 3c ) for clarity. The units used for isochrone zones are the number or 147 MODCOU 3-hour time steps to the outlet (here the Mediterranean). The quad-tree 148 structure of increasing resolution can be seen at the boundary of the basin in Figure 3c) . 149
In MODCOU, the volume of water 9 Equation (3) is applied to isochrone zones. Hence, the volume of water within each 167 isochrone zone needs be partitioned among its several river cells before computation of 168 the river-aquifer exchanges. This interaction depends on the aquifer head, on the river 169 head -assumed constant -and on the volume of water in the river cell when the river 170 infiltrates water into the aquifer. The partitioning of water volume among all cells of an 171 isochrone zone is done using a weighted average of the total amount of water reflecting 172 the spatial distribution of lateral inflow in each isochrone zone. 173
This formulation has several inconsistencies, especially when the junction between two 174 streams lies in the interior of an isochrone zone. This can have a consequence in river-175 aquifer interactions, but also in the computation of river flow. Furthermore, using only 176 one set of isochrones in each basin can lead to two gages being located in one isochrone 177 zone (for example a zone containing a confluence with gaging stations on both sides), in 178 which case the flow computed by MODCOU has to match the flow at two different 179 gaging stations. In order to avoid such inconsistencies, MODCOU uses a unique set of 180 isochrone zones for each gage, such that each gage is the downstream-most river cell in 181 its isochrone zone. Therefore, several flow calculations can be performed for a given 182 cell, if the given cell belongs to several isochrone zones, which is inefficient and requires 183 time consuming processing work in case of change of number or locations or river gages. 184
The work done herein aims at simplifying the river modeling done within SIM-France 185 and to ensure evolution of the code as for instance the computation of river flow height 186 [Saleh, et al., 2010; 2011] 
where t is time and t  is the river routing time step. The bolded notation is used for 198 vectors and matrices. All matrices are square.
I is the identity matrix. N is the river 199 network connectivity matrix which has a value of one in element , and subsurface routing is needed to transport runoff from a land surface cell to its 213 corresponding river cell. In the present study, this surface and subsurface routing is done 214 by MODCOU and RAPID replaces only the river modeling of MODCOU. 215
The connectivity information that already exists between the river cells in the SIM-216
France river network is used to create the network connectivity matrix N needed by 217 RAPID and described in David et al. [2011] . 218 RAPID uses an automated parameter estimation procedure which, given lateral inflow 219 e Q everywhere in the river network, and gage measurements at some locations, 220 determines a best set of parameters based on a square error cost function. 
where j is the index of a quad-tree river cell, while the next section studies the ten-year run. In order to compare the overall 299 performance of both routing models on the river network, the Nash efficiency and the 300 root mean square error (RMSE) were calculated for each of the 493 gaging stations over 301 1995-1996. These criteria are sorted and comparisons between the computations of 302 MODCOU and those of RAPID are shown in Figure 6 . The two graphs in Figure 6 do 303 not allow comparing both models at each gaging station since the criteria are sorted, but 304 they depict the overall relative performance of both models. Table 1 Table 2 . 358
The number of gaging stations in a basin can be divided by the number or river cells in 359 the basin to calculate an observability ratio O , as done in Table 2 . This ratio ranges from 360 Comparison of RAPID discharge calculation at the outlet of the Rhône 664 River (at Beaucaire) with and without forcing at the outlet of Lake Geneva (at Pougny). 665
